There are many user interests on coasts and in estuaries, including economic activities (ports, harbours, navigation, fishing, mineral extraction), recreation (bathing, walking, sailing, fishing, birdwatching), flood defence, water quality, nature conservation, and conservation of the historical and archaeological heritage. Often these interests are conflicting, and managers frequently have to attempt a compromise or make hard decisions based on a prioritized course of action which reflects economic, political and legal constraints (see, for example, Barrett 1992; Kay & Alder 1999; Flemming 2000) . Often the decisions are taken on the basis of inadequate background information and a poor understanding of the functioning of the invariably complex coastal system under consideration. In a world of increasingly rapid technological and economic development, sea-level rise, and possible global climate change, central tasks facing the coastal and estuarine manager are to predict and manage change, undertaken against a background of constantly moving goalposts. There is an urgent need for a much better framework of background environmental data and more effective and reliable management tools, founded on sound scientific understanding, which can provide the necessary guidance and basis for policy formulation. Although, these needs have been recognized, and some progress has been made in the past few years, an adequate suite of such tools and frameworks for environmental monitoring are still some way off.
Past and present interactions
Fundamental to a successful management strategy is an adequate understanding of the basic physical, chemical, biological and human properties and processes which affect coasts and estuaries, including their interactions and variability on different time and spatial scales. Much can be learned from the sedimentary and archaeological record about the way in which coasts and estuaries have varied in the past, the way in which man has responded to or caused such changes, and with what consequences, both for himself and for the 'natural' environment. Although the past may not always be the key to the future, it is the key to understanding the present, and an understanding of the causes and effects of past changes allow predictions of the impacts of possible future changes to be made with greater confidence.
Traditionally, research in coastal and estuarine environments has been undertaken by scientists in several different disciplines who have had a rather narrow focus and have often been quite unaware of what colleagues in other disciplines have been doing. Issues such as flood defence, navigation and water quality have traditionally been the preserve of engineers and mathematical modellers, concerned with (geologically) short time scales of hours to at most 50 years. At the other end of the spectrum, archaeologists, Quaternary scientists and geologists have been concerned with much longer timescales of centuries to millenia. Geomorphologists and ecologists have occupied something of a middle ground, concerned with a range of processes and effects ranging from small scale to large scale and short term to medium term, but often focusing on issues and techniques quite different to those concerning the engineer, geologist or archaeologist. There have, of course, always been exceptions to this generalization, but only in the past ten years or so has cross-disciplinary researchthe holistic view -begun to emerge as a desirable
norm. There is now wider awareness both of the value of inter-disciplinary, integrated approaches to many scientific and practical management problems, including those relating to coasts and estuaries, and of the need to adopt an integrated, strategic approach to the sustainable management of such environments, but there is still much progress to be made.
As noted by Pollard (1999) , of all the sciences utilized in modern archaeological research, that of geology has the longest association with archaeology. However, many archaeologists, trained largely or wholly on 'dryland' sites, are still only dimly aware of the way in which geomorphological and sedimentary processes operate, and about how the properties of sedimentary materials influence the preservation potential and interpretation of archaeological remains in the geologically dynamic lowland coastal zone. Equally, geomorphologists and sedimentologists have not made full use of the information which archaeological records can provide about environmental conditions, ages of surfaces, rates of change, and the influence of man on the present coastal landscape. Many engineers, nature conservation bodies and coastal managers are still largely unaware of historical and archaeological heritage interests, and still think short term in relation to the timescales on which geomorphological processes and morphological changes operate. A report based on a survey commissioned by English Heritage and the Royal Commission on the Historical Monuments of England (Fulford et al. 1997) concluded that 'England's coastal zone contains an important legacy of historic assets which include a complex array of fragile and irreplacable archaeological remains' (Fulford et al. 1997, p. 16 ). Yet the existence of such assets, which range from prehistoric fishing engines, habitations and wharfage to monuments critical to landscape-transformation like redundant seabanks and outfalls (Allen 1997) , has received scarcely a mention, let alone detailed consideration, in recent MAFF and Environment Agency-led debates about future flood defence and coast protection policy in England and Wales. While it is now widely acknowledged that a policy of managed realignment of sea defences in selected areas potentially offers many benefits in terms of maintenance costs and recreation of threatened wildlife habitats, such changes could inflict further damage and pose major conflicts with archaeological interests, which in general are likely to favour preservation (Horrocks 1995) . The fact that government has traditionally separated archaeological and natural historical agencies concerned with conservation has perpetuated narrow outlooks and created serious practical difficulties which have yet to be resolved (Bell 1995) .
Comprehensive scientific studies of the linkages between the hydrodynamic, geomorphological, sedimentological, chemical and biological aspects of coasts and estuaries are also at a relatively early stage, although a detailed understanding of such linkages lies at the heart of sensible development, conservation and management strategies (Roman & Nordstrom 1996) . In the UK, The Land-Ocean Interaction Study (LOIS), a seven year Community Research Project started in 1991 and funded by the Natural Environment Research Council (NERC), ostensibly had a better understanding of such interactions as part of its general scientific objective (LAND-OCEAN INTERACTION STUDY (LOIS) 1992). This multi-disciplinary study concentrated on the east coast of England between Berwick-upon-Tweed and Great Yarmouth, including the various river catchments, estuaries and adjoining area of the North Sea. Although much was achieved by LOIS and its consituent programmes, especially in terms of securing a better understanding of the Holocene evolution of the area and the contemporary fluxes of sediment, nutrients and contaminants (e.g. papers in Shennan& Andrews 2000), the linkages between meso-scale geomorphological processes, sediment properties morphological change and the longer term effects on water quality and ecology were largely ignored. Similarly, no significant consideration was given to geoarchaeological questions. The linkages between morphology, hydrodynamic processes, water quality and ecology are being addressed in Phase I of the UK Estuaries Research Programme currently funded by MAFF, The Environment Agency and English Nature, but geoarchaological interests are again not specifically included, and the timescales for the interactions under consideration are essentially limited to about 50 years.
Future interactions and research needs
It is against this background that we organized the conference on Coastal and Estuarine Environments: sedimentology, geomorphology and geoarchaeology in November 1998. The principal aims were to provide a forum in which sedimentologists, geomorphologists, archaeologists, engineers and others could present the results of their recent research, inform each other of their interests, methods and concerns, and identify further areas where future joint work might be fruitful.
The selection of papers included in this volume reflects the wide range of research currently being by guest on January 29, 2016 http://sp.lyellcollection.org/ Downloaded from COASTAL AND ESTUARINE ENVIRONMENTS 3 undertaken in coastal and estuarine environments, but underlines the fact that there are still significant gaps in understanding and major needs for further research which crosses traditional disciplinary boundaries. At the present, there remains a major gulf between those earth scientists and hydraulic engineers who focus primarily on short term hydrodynamics, sediment dynamics and small-scale bedform adjustments, and those who adopt a broader approach to large scale geomorphological relationships, average sediment properties and historical evolution. The one view affords a characterization at a single instant of a non-linear dynamical system which, in the other approach, is treated as having been at that instant powerfully influenced by its entire history up to that time. In simple terms, these approaches can be characterized as 'bottom-up' and 'top-down' approaches. What is needed in future is much more emphasis on 'hybrid' approaches, which may be interdisciplinary in character, and which combine conceptual elements of the top-down approach with the quantitative, predictive elements of the bottom up approach. As a first stage, formalized hybrid approach needs to be developed to provide an improved understanding of the interactions between changes in environmental forcing factors (sea-level, wind/wave climate, sediment supply), hydrodynamic processes, sediment transport processes, morphological changes and their feedbacks. At a later stage, the challenge is to broaden the interactions to include whole-system ecology, water quality and human activities.
A variety of options exist for the development of 'hybrid' approaches to coastal and estuarine investigation and prediction. Two of which we wish to emphasize here, specifically in the context of geomorphology, sedimentology and geoarchaeology, are 'historical trend analysis' and 'expert scientific assessment'.
Historical trend analysis (HTA) involves the interrogation of all available data about relevant changes affecting an area in the past, and may range from the timescale of the entire Holocene (10 ka) to periods as short as a few years. Those changes will not only include those of a wholly natural origin, but also those brought about by people, for example, changes in the land-use of catchments, which alter the sediment supply, or saltmarsh embanking, which reduce tidal prisms. Time series of recorded data (e.g. tide gauge, wind or wave records, topographic or sediment survey data) can be analysed statistically to identify shorter term trends, apparently random behaviour or cyclical fluctuations, while the morphological, sedimentary and geoarchaeological record can be investigated to provide a longer term framework against which the shorter term changes can be interpreted. Extrapolations based on historical behaviour can be made, subject to the accuracy of assumptions about the nature of boundary conditions. Much of the data demanded by the HTA approach has yet to be acquired, for example, the behaviour of relative sea-level over the last few millennia, that period which is not covered by peat-based sea-level curves and during which people have most influenced the coastal zone.
Expert scientific assessment (ESA) involves a combination of historical trend analysis and an evaluation of the present functional dynamics of a system. The latter includes an assessment of the geological framework and geomorphological sensitivity of a system, based, for example, on an evaluation of the rock and sediment properties surrounding an estuary, rates of sediment supply, and the nature of the energy regime to which it is subjected. A conceptual model of the functioning of the system is developed, including an assessment of the sediment budget and the degree to which the system can be considered to be in equilibrium with the processes acting on it. Regime relationships can be determined, and compared with results from field process data collection and bottom-up type numerical modelling. The essential features of the ESA approach are data synthesis, integration, and cross-testing of different model outputs and hypotheses to arrive at semi-quantitative, bestestimate prediction of the likely response of a system or its components to an intrinsic or extrinsic change, or combination of changes. Consideration of a range of future change scenarios, from 'worst case' to 'best case', can provide the coastal manager with a means of assessing the degree of uncertainty and risk, from the perspective of various 'user' interests, including conservation, associated with any particular change.
The development of these and other possible approaches into practical management tools will require at least a decade of sustained research effort, with appropriate funding (the availability of which is, at present, uncertain). The challenge ahead lies as much with research funders and managers as with individual scientists to recognize and deliver what is needed.
